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Background & objectives: The Vitamin-D receptor (VDR) regulates vitamin D levels and calcium 
metabolism in the body and these are known to be associated with endocrine dysfunctions, insulin 
resistance and type-2 diabetes in polycystic ovarian syndrome (PCOS). Studies on VDR polymorphisms 
among PCOS women are sparse. We undertook this study to investigate the association pattern of VDR 
polymorphisms (Cdx2, Fok1, Apa1 and Taq1) with PCOS among Indian women. 
Methods: For the present study, 250 women with PCOS and 250 normal healthy control women were 
selected from Hyderabad city, Telangana, India. The four VDR polymorphisms were genotyped and 
analysed using ASM-PCR (allele specific multiple PCR) and PCR-RFLP (restriction fragment length 
polymorphism). 
Results: The genotype and allele frequency distributions of only Cdx2 showed significant difference 
between the PCOS cases and control women, indicating protective role of this SNP against PCOS 
phenotype. However, significant association was observed between VDR genotypes and some of the 
PCOS specific clinical/biochemical traits. For example, Fok1 showed a significant genotypic difference 
for the presence of infertility and Cdx2 genotpes showed association with testosterone levels. Further, 
the two haplotypes, ACCA and ACTA, were found to be significantly associated with PCOS indicating 
haplotype specific risk. 
Interpretation & conclusions: Although VDR polymorphisms have not shown significant association with 
PCOS, in view of functional significance of the SNPs considered, one cannot yet rule out the possibility 
of their association with PCOS. Further, specifically designed studies on large cohorts are required to 
conclusively establish the role of VDR polymorphisms in PCOS, particularly including data on vitamin 
D levels.
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	 Polycystic ovary syndrome (PCOS) is the most 
common endocrine-metabolic disorder affecting 5-10 
per cent of women in reproductive age and is a common 
cause of anovulatory infertility1-3. It is a heterogeneous 

disease characterized by oligomenorrhoea due to 
increased ovarian and adrenal androgen secretion, 
hyperandrogenic symptoms such as hirsutism, 
acne and/or alopecia, menstrual irregularity, and 



polycystic ovaries. This disorder is also associated 
with an increased risk of hyperinsulinaemia, insulin 
resistance, type 2 diabetes mellitus, dyslipidaemia, and 
cardiovascular diseases4,5. Being a complex multigenic 
and heteroplasmy disease, various susceptibility 
genes of PCOS interact with each other and with the 
environmental factors and influence the development 
and manifestation of the syndrome.

	 Insulin resistance (IR), which is commonly present 
in women with PCOS, may play an important role in 
the long-term complications of PCOS6,7. Vitamin D 
levels play a critical role in metabolic modulations 
including calcium-phosphate (Ca-P) homeostasis, 
specifically in the regulation of insulin secretion by 
the β-cells8. Abnormalities in calcium balance may 
also be responsible, in part, for the arrested follicular 
development in women with PCOS and may even 
contribute to the pathogenesis of the PCOS syndrome. 
Recent studies suggest that vitamin D deficiency may 
be a causal factor in the pathogenesis of IR and the 
metabolic syndrome in PCOS but whether vitamin D 
is also related to endocrine parameters and fertility in  
PCOS is not established clearly9-11. Yildizhan et al12, 
however, correlated low serum 25-hydroxy vitamin 
D [25(OH) D] status with PCOS features such as 
testosterone and dehydroepiandrosterone (DHEAS) 
levels, luteinizing hormone/follicle stimulating 
hormone (LH/FSH) ratio, free androgen index, sex 
hormone-binding globulin (SHBG) and hirsutism 
score12. Hence, genes involved in insulin signaling 
pathway and vitamin D metabolism have been 
suggested as candidates for PCOS. 

	 The vitamin D receptor (VDR) gene, also known 
as calcitriol receptor or NR1I1, is considered to be an 
important candidate gene for PCOS13. It is a ligand-
activated transcription factor that mediates the genomic 
actions of vitamin D regulating several endocrine 
functions and cell functions including bone metabolism 
and calcium-phosphate homeostasis14,15. It is expressed 
in various tissues including skeletal, parathyroid as 
well as reproductive, and modulates the expression of 
several target genes to produce a variety of biological 
effects. The VDR gene is mapped to chromosomal locus 
12q12-14 comprising pre-extensive promoter region 
and capable of generating multiple tissue-specific 
transcripts. Several VDR polymorphisms have been 
investigated for functional significance and potential 
effects on disease susceptibility to complex diseases 
such as osteoarthritis (OA), diabetes, cancer, high 

myopia, cardiovascular disease and tuberculosis16-21. A 
few studies have also been focussed on association of 
VDR gene in endocrine disorders including PCOS22-24.

	 The association of vitamin D and VDR variants 
such as Cdx2, Fok1, Apa1, Taq1 with endocrine, 
metabolic, and genetic aspects in PCOS has been 
reported indicating their strong functional role15,24,25. 
The present study was an attempt to examine the 
nature of association of the four functionally most 
relevant VDR polymorphisms- Cdx2 (rs11568820; 
exon 1e (G/A)), Fok1(rs2228570; exon 2 (C/T)), Apa1 
(rs7975232; intron 8 (C/A)) and Taq1 (rs731236; exon 
9 (T/C)) with PCOS among the Indian women from 
Hyderabad, Telangana, India. 

material & methods

	 As part of a larger project undertaken by the 
Molecular Anthropology Group of the Biological 
Anthropology Unit, Indian Statistical Institute, 
Hyderabad, 250 women with PCOS and 250 normal 
healthy women as controls were enrolled for the study 
during 2008-2009. The PCOS patients were taken 
from the Gynaecology Clinic of the Osmania General 
Hospital, Hyderabad and Infertility Clinic, Anu’s Test 
Tube Baby Centre, Hyderabad, as per the Rotterdam 
criteria, 200326 according to which any two of the 
following three conditions need to be fulfilled for the 
inclusion: (i) presence of clinical and/or biochemical 
signs of hyperandrogenism, (ii) infrequent periods 
with intermenstrual interval of more than 35 days, and 
(iii) polycystic ovaries, [an ovary with the ultrasound 
appearance of more than 10 subcapsular follicles (<10 
mm in diameter) in the presence of prominent ovarian 
stroma was considered polycystic]. Patients with 
hyperprolactinaemia, thyroid and adrenal diseases, 21-
hydroxylase deficiency, and androgen-secreting tumours 
were excluded. Hirsutism was defined as a Ferriman-
Gallwey score of more than five27. Hormonal assays 
included serum levels of gonadotrophic hormones 
[luteinizing hormone (LH) and follicle stimulating 
hormone (FSH)], thyroid stimulating hormone (TSH) 
and testosterone (total). The ethnically matched normal 
women with no history of treatment for fertility, no 
evidence of clinical hyperandrogenism (hirsutism/acne/
alopecia), and with normal menstrual cycles every 25-
32 days were selected from the Family Planning Center 
of the Osmania hospital and healthy volunteers. the 
controls could not be screened for hormonal profile. 
blood samples (5 ml) were collected from the patients 
as well as controls after obtaining their informed 
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written consent. The study protocol was approved by 
the Indian Statistical Institute Review Committee for 
Protection of Research Risks to Humans.

DNA isolation and genotyping: The genomic DNA was 
isolated from the blood samples by phenol-chloroform 
method28 and used for genotyping. A fresh working 
dilution was made for each DNA sample and was 
checked for the quality by electrophoresis in a 0.8 per 
cent agarose gel. 

	 Genomic DNA samples were amplified and 
analysed for the four VDR gene single nucleotide 
polymorphisms (SNPs) using predesigned specific 
primers29-32. Analysis of Cdx2 polymorphism was done 
through ASM-PCR (allele specific multiple-PCR) using 
two sets of primers and PCR products were resolved on 
2-3 per cent agarose gels. Other SNPs (Fok1, Apa1 and 
Taq1) were analysed through PCR-RFLP (restriction 
fragment length polymorphism) method wherein the 
amplified PCR products were digested under required 
conditions using respective restriction endonuclease 
enzymes (New England Biolabs, USA). Based on 
the presence or absence of restriction sites, variant 
RFLP products for each SNP were resolved on 3 per 
cent agarose gel to determine the genotypes. Details 
of the studied polymorphisms and PCR conditions are 

given in Table I, and RFLP conditions are presented in  
Table II.

Statistical analysis: Allele and genotype frequencies 
were determined by the gene-counting method33. The 
statistical analyses were performed mainly with the 
help of SPSS statistical software, version 20.0, IBM 
SPSS, version 20 (SPSS, Inc., Chicago Il, USA). 
The departure from the Hardy-Weinberg equilibrium 
(HWE) was tested for each SNP by χ2 test (Pearson’s 
goodness of fit test) as implemented in Pypop software- 
version-7.0 (Thomson Laboratories CA, USA). The 
cut-off P value for deviation from HWE was taken 
at <0.001 (0.0012 with a Bonferroni correction). The 
odds ratio with its significance and 95% confidence 
interval (95% CI) were estimated with age and body 
mass index (BMI) as covariates. The genotypic 
distribution for each polymorphism was also analyzed 
with respect to the clinical and biochemical traits 
among the women with PCOS using SPSS. Haploview-
version-4.2 (Cambridge, USA, haploview@broad.mit.
edu) and THESIAS softwares-version-3.1 (INSERM,  
Paris, France, david.tregouet@chups.jussieu.ft) 
were used to estimate linkage disequilibrium and 
generate haplotype frequencies. Power of the study 
was calculated using G*Power software-version 3.1. 
(University of Dusseldorf, Germany, http://www.

Table I. PCR condition and product size for vitamin D receptor single nucleotide polymorphisms 5’ and 3’ (VDR SNPs)

 SNP Location 
(Base change)

Mode of 
analysis

Primer sequences26,29-31 PCR condition PCR product 
(bp)

Cdx2 
(rs11568820)

Exon 1e 
(G/A)

ASM PCR G-Forward: 5’ 
-AGGATAGAGAAAATAATAGAAAACATT-3’  
G-Reverse: 5’ 
-AACCCATAATAAGAAATAAGTTTTTAC-3’  
A-Forward: 5’ 
-TCCTGAGTAAACTAGGTCACAA-3’  
A-Reverse: 5’ 
-ACGTTAAGTTCAGAAAGATTAATTC-3’ 

Denaturation-
96°C(5min) 
28cycle:- 
94°C 45 sec 
56°C - 45 sec 
72°C-45 sec 
Extension- 
72°C-5min

G-110 
A-235 
G/FP A/RP-
297

Fok1 
(rs2228570)

Exon 2 (C/T) RFLP 5’-AGCTGGCCCTGGCACTGACTCTGCTCT-3’ 
5’-ATGGAAACACCTTGCTTCTTCTCCCTC-3’

93°C 45 sec, 
66°C30 sec, 
72°C 45 sec

Allele C: 265 
Allele T: 
169+96

Apa1 
(rs7975232)

Intron 8 
(C/A)

RFLP 5’-CAGAGCATGGACAGGGAGCAAG-3’ 
5’-GCAACTCCTCATGGCTGAGGTCTCA-3’

93°C 45 sec, 
66°C30 sec, 
72°C 45 sec

Allele A: 740 
Allele C: 
530+210

Taq1 
(rs731236)

Exon 9 (T/C) RFLP 5′-CAGAGCATGGACAGGGAGCAAG-3′ 
5′- GCAACTCCTCATGGCTGAGGTCTCA-3′

93°C 45 sec, 
66°C30 sec, 
72°C 45 sec

Allele T: 
495+245 
Allele C: 
290+245+205

ASM-PCR, allele specific multiple-PCR; RFLP, restriction fragment length polymorphism
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psycho.uni-duesseldorf.de/abteilungen/aap/gpower3). 
Multivariate logistic regression analysis was carried out 
using R software -version-3.1.0. (R program version 
2.15.2; R Foundation. http://www.r-project.org/). 

Results

Genotype and allele frequency distributions: The 
genotype and allele frequency distributions for each of 
the four VDR polymorphisms are presented in Table 
III. Except for Cdx2 polymorphism, the frequency 
distribution of the genotypes as well as alleles was 
found to be similar between the cases and controls. In 
case of Cdx2, a significantly higher frequency of the 
heterozygous GA genotype as well as A allele was 
observed in cases compared with controls (p<0.001). 
While the normal homozygote was predominant 
as compared to the other two genotypes for Fok1 
and Taq1, the heterozygote was more frequent than 
the homozygotes, normal or derived, in case of 
Apa1. There was a significant deviation in HWE 
values for Taq1 and Apa1 polymorphisms (p<0.001, 
and p=0.007, respectively) in the disease group 
suggesting genetic association. However, there was 
also significant deviation in HWE in control group for 
Cdx2 polymorphism (p<0.001). The deviation was 
still significant after testing for Bonferroni correction 
(adjusted P=0.0012).

	 to study the pattern of association of PCOS 
with genetic variants, logistic regression analysis 
was carried out for each of the four polymorphisms 
individually taking the respective genotypes and 
alleles as categorical variable and the PCOS phenotype 
as the binary response variable with age and BMI as 
the covariates (Table IV). significant results were 
obtained only in case of Cdx2 polymorphism, where the 
heterozygote genotype GA as well as the variant allele 
A seemed to confer significant protection (OR=0.231, 
95% CI=0.154-0.307, p<0.001 and OR=0.434, 

95%CI = 0.312-0.602, p<0.001, respectively) against 
developing PCOS. Given the odds ratios and sample 
size (250 cases and 250 controls), the post hoc power 
of the study (p=0.05) yielded statistical power (1-β 
error probability) of 100 per cent for our study. 

Genotype-wise analysis for clinical and biochemical 
traits in women with PCOS: The frequency distribution 
of the seven clinical traits, viz. hirsutism, infertility, 
alopecia, acne, acanthosis, cholesterol levels and 
testosterone levels were analyzed according to 
genotypes of each of the four VDR polymorphisms 
among the women with PCOS. While hirsutism, 
infertility, alopecia, acne and acanthosis were 
categorized by their presence or absence, cholesterol 
and testosterone levels were categorized based on 
the presence or absence of elevated levels of the 
respective hormones (cholesterol level of >200 mg/
dl and testosterone level of >0.67 ng/ml considered 
elevated). Although variation in the occurrence of these 
clinical traits could be observed among the genotypes 
within each of the four SNPs, the differences were not 
significant.

	 In case of Cdx2 polymorphism, a relatively 
greater frequency of PCOS cases with homozygote 
genotype GG showed characteristic traits like 
hirsutism, acne, acanthosis and elevated cholesterol 
whereas in case of Fok1 polymorphism, PCOS 
cases with variant homozygote TT were in greater 
frequency for traits like hirsutism, infertility, alopecia 
and acne compared with other genotypes. In case of 
Apa1 polymorphism, a greater proportion of PCOS 
women with homozygote genotype CC were infertile 
compared with the other two genotypes. While a 
greater proportion of the heterozygotes showed 
alopecia and acanthosis traits, a higher proportion of 
women with PCOS with variant AA genotype showed 
elevated testosterone levels compared with other 
genotypes, though not significant. No significant 

Table II. Conditions for restriction digestion protocol for the three VDR polymorphisms

SNP Restriction 
enzyme

Incubation 
temperature (°C)

Incubation time Units DNA fragments

Fok1 
(rs2228570)

Fok 37 Overnight 3 Allele C: 267
Allele T: 197+70

Apa1 
(rs7975232)

Apa1 37 Overnight 5 Allele A:745 
Allele C: 217+528

Taq1 
(rs731236)

Taq1 65 4 h 5 Allele T: 494+251
Allele C: 293+201+251
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Table III. Allele and Genotype frequency (%) distributions for each of the four VDR polymorphisms among women with PCOS and 
normal controls
SNP ID SNP name

(Major/minor allele)
Gene location Genotype PCOS cases 

(N=250)
(%)

Controls 
(N=250)
(%)

χ2 p value

rs11568820 Cdx2 (G/A) Exon 1 GG 0.76 0.43 67.53 <0.001

GA 0.21 0.57

AA 0.03 0.00

G 0.86 0.71 32.832 <0.001

A 0.14 0.29

Hardy-Weinberg equilibirium χ2 0.75 36.35    
P value 0.3853 <0.001    

rs2228570 Fok1 (C/T) Exon 2 CC 0.62 0.61 1.604 0.449

CT 0.35 0.34

TT 0.04 0.06

C 0.80 0.78 0.524 0.469

T 0.21 0.23

Hardy-Weinberg equilibrium χ2 0.49 0.62    
P value 0.4857 0.431    

rs7975232 Apa1 (C/A) Intron 8 CC 0.05 0.05 0.053 0.974

CA 0.48 0.47

AA 0.47 0.49

C 0.29 0.29 0.029 0.865

A 0.71 0.72

Hardy-Weinberg equilibrium χ2 7.26 6.06    

P value 0.007 0.014    

rs731236 Taq1 (T/C) Exon 9 TT 0.45 0.44 1.827 0.401

TC 0.37 0.42

CC 0.19 0.15

T 0.63 0.65 0.296 0.586

C 0.37 0.36

Hardy-Weinberg equilibrium χ2 11.28 2.15    
p value <0.001 0.1425    

χ2 values for test of homogeneity and HWE
HWE, Hardy-Weinberg equilibrium

results were obtained in the comparative analysis 
between the clinical traits and the Taq1 genotypes. 
However, women with PCOS with CC or CT genotype 
for this SNP were found to be relatively more hirsute 
than those with variant homozygote while infertility 
and alopecia were observed more among the variant 
homozygotes.

	 Table V shows biochemical traits according to 
genotypes of each of the four VDR polymorphisms. 
of the five biochemical traits, only testosterone mean 
levels exhibited significant heterogeneity among 
the genotypes for Cdx2 (p=0.013), Apa1 (p=0.004) 
and Taq1 (p=0.27). women with PCOS having 
heterozygote GA genotype for Cdx2 were found to have 
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Table IV. Results of logistic regression analysis of PCOS on the genotypes of VDR gene polymorphisms with age and BMI as 
covariates
SNP ID SNP name Gene location Genotype compared Odds ratio p value 95% CI

rs11568820 Cdx2 Exon 1 GA vs GG 0.231 <0.001 0.154-0.347

      AA vs GG 5.524 0.111 0.676-45.157

rs2228570 Fok1 Exon 2 CT vs CC 0.966 0.86 0.656-1.422

      TT vs CC 0.548 0.177 0.228-1.313

rs7975232 Apa1 Intron 8 CA vs CC 0.973 0.951 0.413-2.294

      AA vs CC 0.859 0.729 0.365-2.022

rs731236 Taq1 Exon 9 TC vs TT 0.897 0.591 0.603-1.334

      CC vs TT 1.187 0.527 0.698-2.016

Table V. Heterogeneity in the mean ( ± SE) values of different biochemical traits according to the genotypes of VDR polymorphisms 
in women with PCOS

VDR polymorphism testosterone  
(ng/ml)

TSH
(mIU/ml)

FSH
(mIU/ml)

LH
(mIU/ml)

cholesterol
(mg/dl)

Cdx2

GG 0.69 ± 0.08 2.43 ± 0.20 6.82 ± 0.72 12.24 ± 1.58 180.34 ± 3.78

GA 2.14 ± 0.89 3.13 ± 0.53 5.37 ± 0.67 16.20 ± 4.59 185.92 ± 7.36

AA 0.81 ± 0.27 2.26 ± 0.45 6.14 ± 0.84 16.03 ± 4.62 199.00 ± 14.79

F-value (p value) 4.429 (0.013)* 1.151 (0.318) 0.595 (0.552) 0.599 (0.55) 0.788 (0.457)

Fok-1

CC 0.97 ± 0.22 2.76 ± 0.26 6.29 ± 0.51 11.32 ± 0.87 181.14 ± 3.88

CT 1.11 ± 0.43 2.37 ± 0.28 6.97 ± 1.35 17.50 ± 4.53 187.38 ± 6.02

TT 0.45 ± 0.17 1.40 ± 0.66 5.46 ± 0.89 9.31 ± 2.93 166.20 ± 27.01

F-value (p value) 0.174 (0.841) 1.077 (0.342) 0.223 (0.8) 1.79 (0.17) 0.821 (0.442)

Apa-1

CC 3.97 ± 3.26 2.26 ± 0.46 5.01 ± 0.75 9.14 ± 1.98 176.63 ± 9.69

CA 0.65 ± 0.06 2.37 ± 0.29 6.21 ± 0.53 16.74 ± 3.30 179.81 ± 4.55

AA 1.071 ± 0.28 2.82 ± 0.27 6.87 ± 0.99 10.62 ± 1.11 185.43 ± 4.95

F value (p value) 5.777 (0.004)* 0.741 (0.478) 0.33 (0.72) 1.981 (0.141) 0.435 (0.648)

Taq-1

TT 0.81 ± 0.13 2.49 ± 0.28 5.82 ± 0.52 10.99 ± 1.05 184.19 ± 4.27

TC 0.67 ± 0.13 2.48 ± 0.26 8.13 ± 1.33 17.18 ± 3.89 186.03 ± 6.12

CC 2.10 ± 0.96 3.00 ± 0.56 4.91 ± 0.43 10.73 ± 1.87 174.24 ± 7.63

F value (p value) 3.678 (0.027)* 0.585 (0.558) 2.835 (0.061) 1.889 (0.154) 0.957 (0.386)
*Significant 
TSH, thyroid stimulating hormone; FSH, follicle stimulating hormone; LH, luteinizing hormone
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a relatively higher mean than those with homozygotes 
for testosterone as well as TSH levels. For Apa1, 
CC genotype exhibited the highest mean value of 
testosterone followed by genotypes AA and CA. The 
mean of TSH, FSH and cholesterol levels were found 
to be highest in PCOS cases with variant genotype AA. 
In case of Taq1, CC genotype exhibited the highest 
mean value of testosterone followed by genotypes TT 
and TC. The mean FSH, LH and cholesterol levels 
were found to be highest for TC genotype. None of the 
biochemical traits showed significant heterogeneity 
with respect to the Fok1 genotypes. However, PCOS 
cases with CT genotype were found to have a higher 
mean for testosterone, FSH, LH and cholesterol 
levels. 

Pairwise LD estimates and association of haplotypes: 
The D' values ranged between 0.02-0.487 among 
different pairs of VDR SNPs and none of these were 
significant suggesting that these SNPs are not in LD. 
Haplotypes based on the four VDR polymorphisms were 
constructed and analyzed for possible association with 
PCOS (Table VI). The order of SNPs in the haplotypes 
is given in the following order corresponding to 
Cdx2(G/A), Fok1(C/T), Taq1(T/C), Apa1(C/A). The 
frequency of GCCA and GCTC haplotypes was found 
to be slightly elevated in cases whereas ACCA and 

ACTA were more frequent among controls. However, 
only ACCA and ACTA haplotypes were found to be 
significantly associated in conferring protection against 
PCOS (Table VI). 

Multivariate logistic regression analysis: The results 
of multivariate logistic regression analysis including 
all the four SNPs are presented in Table VII. The odds 
ratios were calculated taking the wild-type homozygote 
as the reference. These results did not reveal any 
significant association of any of the four SNPs with 
PCOS. 

discussion

	 In this study we examined four VDR 
polymorphisms (Cdx2, Fok1, Apa1 and Taq1) among 
women with PCOS and in healthy controls and tested 
for their association with the PCOS phenotype. Cdx2 
polymorphism is a G>A sequence variation in the 
1a promoter region associated with transcriptional 
activity of the VDR gene18, which further regulates 
the transcription of about 3 per cent of the human 
genome including genes that are crucial for glucose 
metabolism. This SNP was found to be associated with 
testosterone levels in our study. Fok1 polymorphism 
defines the presence of T>C transition (ATG to ACG) 
in exon 2 of the VDR gene that results in altered protein 

Table VI. Frequencies of haplotypes representing the four SNP loci : Cdx2, Fok1, Taq1, Apa1, in the respective order, among the cases 
and controls

  Haplotypes Cases Controls OR  
(95% CI)

P  
value(N=250) (N=250)

1 GCTA 0.3551 0.2492 1.00 ---

2 GCCA 0.1603 0.1355 0.86 (0.45 - 1.64) 0.65

3 GCTC 0.1346 0.1168 0.81 (0.37 - 1.76) 0.6

4 ACTA 0.0222 0.107 0.12 (0.03 - 0.45) 0.0017

5 ACCA 0.0429 0.0869 0.22 (0.10 - 0.48) 0.0001

6 GTTA 0.0523 0.0538 0.63 (0.26 - 1.55) 0.32

7 GTCA 0.0432 0.0584 0.65 (0.26 - 1.66) 0.37

8 GCCC 0.0528 0.0436 0.66 (0.28 - 1.55) 0.35

9 GTTC 0.0413 0.0392 0.73 (0.30 - 1.77) 0.48

10 ATCA 0.0268 0.0011 0.93 (0.18 - 4.65) 0.93

11 GTCC 0.0216 0.016 0.70 (0.19 - 2.65) 0.6

12 ACTC 0.0128 0.0264 0.01 (0.00 - 0.16) 0.64

13 ATTA 0.0091 0.0261 0.18 (0.03 - 1.00) 0.051
Derived alleles in the haplotypes are marked in bold letters
The haplotypes ACCC, ATTC and ATCC were least frequent and hence not represented in the table
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length due to different translation initiation sites18. Taq1 
polymorphism in exon 9 associated with rate of gene 
expression, is a T/C substitution (ATT to ATC) leading 
to a synonymous change at codon 352 (Isoleucine)18. In 
our study a significant difference was observed only in 
the Cdx2 genotypic and allelic frequency distribution 
between the PCOS cases and the controls which was 
in contrast to a study conducted in Austria where no 
significant difference was found24. No significant 
association was observed between the genotypes and 
the clinical traits in our study. However, women with 
GA and AA genotypes of Cdx2 polymorphism were 
found to be at a relatively higher risk for infertility. 
While Cdx2 GA genotype was found to confer high 
risk for alopecia, AA was more often found with 
elevated testosterone levels. It was suggested that Cdx2 
A-allele carriers might have higher intestinal calcium 
absorption, because of the elevated expression of 
intestinal calcium channel proteins34. Calcium fluxes 
and regulation of intracellular calcium stores being 
essential in the regulation of insulin secretion by the 
β-cells, this polymorphism might be influencing β-cell 
function in PCOS.

	  For Fok1 polymorphism, similar to the earlier 
studies22-24, no significant association was found 
either at the genotype frequency level or with clinical/
biochemical traits. However, it was evident from our 
results that the genotype TT was associated with the risk 
for infertility, alopecia, acne and elevated cholesterol 
levels suggesting that cases with this specific genotype 
might have higher risk for respective phenotypes of 
PCOS compared with others. For Apa1 polymorphism, 
genotype CC showed a risk for infertility, while 
variant genotype AA was associated with testosterone 
levels which was in contrast to an earlier study among 
Austrian women with PCOS where they demonstrated 
AA genotype to be associated with low testosterone 
levels24. The Taq1 genotype/allele distribution pattern 
in our study did not yield any significant results. 
However, similar to a previous study23, an increase 

in mean testosterone level was observed for CC 
genotype. also, there was a significant variation in the 
testosterone levels and FSH levels with this genotype. 

	 Apa1 and Taq1 polymorphisms are known to be 
linked with poly (A) microsatellite repeat in the gene, 
and can influence gene activity35. In earlier studies, 
it was found that two haplotypes AAT and GCC of 
Bsm1, Apa1 and Taq1 under the effect of Cdx2 and 
Fok1 produced different levels of VDR activity15,18, 
and GTGCC and ACAAT haplotypes produced more 
active VDR resulting in higher calcium absorption than 
GTAAT and ACGCC. Vitamin D is required for proper 
calcium absorption and calcium is needed for normal 
development of follicles each month, and, therefore, 
reduced calcium absorption might hamper follicular 
maturation thereby leading to cystic pattern of ovaries. 
it can also be deduced that haplotypes GTAAT and 
ACGCC are related to decreased calcium absorption 
thereby increasing the risk of PCOS. In the present 
study, two haplotypes- GCCA and GCTC showed 
elevated frequencies in the cases and these haplotypes 
might be related to the low VDR activity that could 
affect calcium absorption and follicular development 
in PCOS. The ACCA and ACTA haplotypes were 
observed to be relatively more frequent in controls 
implying that these might be associated with reduced 
risk for PCOS. the haplotype analysis is far more 
conclusive than the individual polymorphism analysis 
since specific haplotype patterns are expected to be 
associated with certain aspects like differential levels 
of calcium absorption which in turn reflects the 
variability in the VDR expression. Haplotypes reported 
to be responsible for increased calcium absorption 
indicating a higher VDR expression are expected to be 
more frequent among the control group. 

	 In the multivariate logistic regression analysis of 
all the SNPs with age and BMI as covariates, none 
of the polymorphisms could reveal any significant 
association with PCOS. Further, the protective nature 
of Cdx2 shown in the individual gene analysis was 

Table VII. Results of multivariate logistic regression analysis
SNPs odds ratio lower 95% CI upper 95% CI p value
Cdx2 1.035991 0.937244 1.14514 0.489043
Fok-1 0.953976 0.88288 1.030798 0.233129
Taq-1 1.020025 0.973413 1.06887 0.406074
Apa1 0.986437 0.951098 1.023089 0.463158
SNP, single nucleotide polymorphism
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nullified in the multivariate analysis, in the presence of 
other SNP variants of the VDR gene. 

	 The VDR genetic variants were found to have an 
association with severity of clinical features of PCOS, 
but not the disease (except Cdx2) indicating that these 
variants were not directly related to its cause or risk but 
might influence the development of PCOS indirectly at 
the biochemical level through regulation of vitamin D 
or calcium levels. 

	 To conclude, the findings of our study provide an 
understanding on the nature of association of VDR 
polymorphisms with PCOS susceptibility in the Indian 
women. However, the functional role of the VDR vis-a-
vis vitamin D level needs to be established clearly. One 
of the lacunae of our study was lack of information on 
vitamin D levels of our patients and controls which 
would have given better and more precise insights into 
the role of VDR polymorphism in the pathophysiology 
of PCOS. Further studies specifically designed to 
understand the role of VDR polymorphisms vis-à-
vis vitamin-D levels among the Indian women with 
PCOS are warranted in large cohorts of ethnically 
diverse populations of India so as to reach unequivocal 
conclusion on the role of VDR polymorphisms in 
PCOS. Functional studies based on the regulatory 
regions of this gene would also be required to help gain 
more meaningful insights on the precise aetiological 
role of VDR towards PCOS phenotype.
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